The aims of this literature review are: to depict the main oral diseases that are related to pregnancy; to clarify some of the possible systemic mechanisms that are associated with these changes; and to address issues about oral care during pregnancy. A woman's organs undergo various physiological, neurological, and hormonal changes during pregnancy. Such changes occur gradually and are essential for the development of the fetus, providing what is needed for tissue formation and establishment of reserves for uterine and fetal life. In turn, the oral cavity shows some events during this period. Among the changes most frequently cited in the literature are pyogenic granuloma, gingivitis, and periodontitis. The inflammation of the periodontal tissues due to the formation of the biofilm increases dramatically in size and severity during the course of a normal pregnancy, even without changes in the amount of biofilm present. In addition, a decrease in salivary pH is observed in pregnant women and may lead to an increased incidence of dental caries in this period.
Introduction
During the course of a normal pregnancy, several deep and dynamic physiological changes occur in both the mother and the developing baby. Some of the endocrine and immune changes induced by pregnancy increase the susceptibility of the mother to various infections, including those of the oral cavity. [1] [2] [3] [4] [5] [6] Researches have shown that pregnant women are exposed to a higher risk of gingival alterations. The increased susceptibility to infections in the oral cavity can occur due to pH decrease and, consequently, the salivary buffer capacity during pregnancy, which, along with the change of dietary and oral hygiene habits, contributes to bacterial growth and increases the risk of caries. 7, 8 Among the changes most frequently cited in the literature are: pyogenic granuloma ( Fig. 1) , gingivitis ( Fig. 2) , and periodontitis (Fig. 3) . [9] [10] [11] It is important to consider that there is evidence of the association between oral health during pregnancy and adverse problems, including low birthweight, preterm birth, and preeclampsia. 6, 12, 13 Dental care for women during pregnancy is indicated and appropriate, either as prevention of oral diseases and their possible consequences, or to treat existing diseases. With certain precautions, the treatment is safe. Nonetheless, dental care during pregnancy has long been hindered by various beliefs, myths, fears, and resistance and many patients and professionals are still confused about the topic.
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Methods
We carried out a literature review using electronic retrieval systems and databases (PubMed [MEDLINE], ScienceDirect, and Scielo), accessing published work from 1960 to 2015. We aimed: to depict the major systemic manifestations that can interfere with oral manifestations during pregnancy; to highlight the main oral changes related to pregnancy; and to address important aspects about dental treatment during pregnancy. We used the following search terms: 'prenatal care,' 'endocrine,' 'prematurity -risk assessment and prevention,' 'immunological factors,' 'periodontal disease,' 'pregnant,' and 'dental caries.'
Results and Discussion
Systemic alterations
A woman's body undergoes several changes during gestation. These changes occur gradually and are essential for the development of the fetus, providing what is needed for tissue formation and the establishment of reserves for uterine fetal life. 15 The fundamental physiological changes that occur in the body during pregnancy as well as the immune and endocrine changes that are related to the most prevalent oral manifestations during pregnancy are depicted below.
Physiological changes during pregnancy
• Increased heart rate around 10 b.p.m. from 14 to 30 gestational weeks; • Increased respiratory rate;
• Increased oxygen consumption and a decrease in residual respiratory volume to about 15-20%;
• Increased blood volume by about 1500 mL (normal volume in women is 4-4.5 L), setting a clinical framework for physiological anemia, which can cause gingival bleeding; • Fatigue can occur in the metabolism of carbohydrates, requiring an increase in levels of insulin and can thus convert asymptomatic subclinical diabetes into clinical diabetes mellitus, which in turn is called gestational diabetes. This increases the risk of gingival and periodontal diseases. 16 Immunological changes and their oral implications during pregnancy
• During pregnancy, there is a reduction of antimicrobial activity of peripheral neutrophils, essential components of the innate immune defenses of the periodontal tissues. This could be related to the welldocumented increase in gingival inflammation observed during pregnancy; • Predilection for inflammatory gingival and periodontal diseases during the imbalance of sexual hormones; • The prevalence and/or worsening of an existing gum disease is higher during pregnancy due to the sharp response to the biofilm; • The effects of pregnancy on pre-existing gingival inflammation can be felt from the second month because it is at exactly this point that an elevation on plasma levels of estrogen and progesterone occurs. This level reaches its peak in the 8th month, when the gravidarum gingivitis reaches its maximum severity.
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Hormonal changes and their oral implications during pregnancy
• Microcirculatory system alterations produced by the hormones estrogen, progesterone, and chorionic gonadotropin lead to the following changes: swelling of the endothelial cells, increase of platelets and leukocyte adhesion to vessel walls, formation of microthrombi, disruption of perivascular mast cells, increased vascular permeability, and vascular proliferation.
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• The estrogen affects the salivary peroxidases, operating against various types of bacteria by changing the oxidation-reduction potential.
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• Both estrogen and progesterone, associated with inflammatory mediators, can promote changes in vascular responses and connective tissue turnover in the periodontium. This association may explain the higher prevalence of inflammation during periods of hormonal fluctuation.
• Well-documented changes in the microbiota occur during these hormonal changes with an increase in the proportion of anaerobic and aerobic bacteria, such as Bacteroides melaninogenicus, Prevotella intermedia, and Porphyromonas gingivalis.
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One of the main changes in the immune system during pregnancy is the partial mitigation of the immune responses that are mediated by the mother's cells, as 50% of the antigens in the cells of the fetus are derived from the father, and these cells are chronically exposed to the mother's immune system. Several complex physiological changes are therefore induced during pregnancy in order to prevent immune rejection in the mother's body of her fetus. 6 The adjustment of the mother's immune system occurs soon after birth. Linked to this post-partum recovery of inflammatory responses, some latent infections that had been suppressed during pregnancy might be activated. This phenomenon has been called 'immune reconstitution syndrome.' 20 Although the biofilm has long been established as an etiological factor sine qua non for the development of periodontal disease, 21 it has also been shown that the biofilm is not likely the sole cause, as merely the presence of periodontal pathogens is not sufficient for disease to occur. 22 Hence, there must be an understanding on how systemic factors may influence the development, progression, and severity of periodontal disease. This aspect has been addressed in the classification of periodontal disease proposed by Armitage in 1999, when he included those diseases related to sexual hormones in the following categories: gingivitis associated with puberty, gingivitis associated with the menstrual cycle, and pregnancy-associated gingivitis.
Main oral manifestations in pregnant women
It is well known that due to some systemic changes, the situation of pregnancy exhibits a greater predisposition for some oral problems. Salivary disorders, such as reduction of pH and buffer capacity, may lead to an increased risk of oral diseases, including caries, gingivitis, and periodontal disease. 8 The following section will discuss the conditions most commonly addressed in the published work.
Pregnancy and high susceptibility to pyogenic granuloma
Gingival pyogenic granuloma is a nonspecific inflammatory lesion that can occur in both sexes. However, it is closely related to the gestational period. When this lesion is found during pregnancy, it is called 'granuloma or pregnancy tumor.' Characteristically, it presents as a lobulated, usually pedunculated lesion, with color ranging from pink to red or purple; it has a fast-growing and varied size, and can bleed profusely when touched 6 Furthermore, it is more common in the anterior and buccal aspect of maxilla, beginning at 23 gestational weeks. 17 Gingival pyogenic granuloma occurs in 0.5-5% of pregnant women and regresses spontaneously after childbirth, which makes it associated with hormonal changes. 17, 26 Notwithstanding the fact that the causes of pyogenic granuloma development have not yet been clarified, most of the injuries are associated with the presence of local irritants. 27, 28 However, some authors have reported that the pathogenesis of the lesion is linked to female sexual hormones, which stimulate an increase of the local production of angiogenic factors, such as vascular endothelial growth factor. 29, 30 This was confirmed by the study of Cardoso et al., 27 who observed an association between pyogenic granuloma and pregnant women aged older than 25 years in the first trimester (50%, P = 0.05) and between granuloma and pregnant women aged 26-35 years in the third trimester (78.9%, P = 0.001).
According to Armitage, 6 clinical symptoms associated with pyogenic granuloma during pregnancy are relatively small, and usually include bleeding gums, sensitivity, and aesthetic problems.
Treatment for this condition may include surgical removal, especially if the lesion is large and symptomatic. Nevertheless, in many cases, pyogenic granuloma decreases partially or completely after childbirth, particularly if local irritants are removed. 6 
Effects of pregnancy on periodontal diseases
Taking into account the profound disturbances in the maternal immune system during pregnancy and in the post-partum period, it is not surprising that clinical and biological characteristics of periodontal infections are affected. 6 The percentage of pregnant women who need periodontal treatment can reach 100%. 31 According to Rodrigues et al., 32 pregnancy and specific steroid hormones seem to be able to influence the normal microflora and induce changes in the subgingival ecology. In the second trimester, there is a significant increase of gingivitis, and in the ratio of anaerobic and aerobic bacteria; also, there is a correlation between plasma levels of estrogen and progesterone and the presence of B. melaninogenicus sp (singular species) intermedius.
On the other hand, studies conducted by Figuero et al. 33 and Carrillo-de-Albornoz et al., 34 despite having found an increase in gingival index during pregnancy, have found no relation between gingivitis and increase in levels of hormones in saliva during pregnancy.
Despite several results of epidemiological studies on the causes, there are abundant data and a general consensus that the severity and extent of gingival inflammation tends to increase during pregnancy. 9, [35] [36] [37] [38] In addition, cohort studies that compared pregnant and non-pregnant women without periodontal disease showed that there was more gingival inflammation during pregnancy, even though there were no significant differences in the plaque scores. 33, 34 In some cases, the gingival inflammation is severe and may be accompanied by intense bleeding and gingival sensitivity. 6 Longitudinal studies have shown that during pregnancy, the probing depth increases as the gingival inflammation worsens. 9, 36 The increase in the probing depth was attributed to the movement of the gingival margin coronally due to swelling induced by inflammation. In turn, Gürsoy et al. 9 found that, generally, there is no permanent loss of clinical attachment. Nonetheless, in some pregnant women, especially those who acquired chronic periodontitis before pregnancy, progression with periodontitis occurs afterwards. 38, 39 In fact, during pregnancy, there are some changes in the interactions between periodontal microbiota and the host, which can be favorable for periodontal damage. 6 Regarding the role of cytokines, expression levels of interleukins (IL-1β and IL-6), tumor necrosis factor-α, and inducible nitric oxide synthesis were recently evaluated in pregnant women with and without periodontal disease compared to non-pregnant women with and without periodontal disease, and it was found that this disease is not influenced by pregnancy. 40 Previous analyses of microbiological culture have demonstrated that changes in estrogen and progesterone associated with pregnancy have an effect on the composition of the subgingival microbiota, 19, 41 which was also confirmed by more recent studies. 32, 34 Reis et al. corroborate this assertion by reporting that the subgingival microbiota becomes, with the progress of pregnancy, more anaerobic. 42 Correlations were found between the levels of maternal hormones and P. intermedia, 19,34 P. gingivalis, 34 and species of Bacteroides 41 and Campylobacter retus.
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Among the immunological changes associated with pregnancy is an increase in susceptibility to intracellular pathogens, and it is not surprising that the survival of locally invasive bacteria, such as P. intermedia and Aggregatibacter actinomycetemcomitans, increases during pregnancy. 6 It is very likely that the reduction in bactericidal activity of peripheral neutrophils in pregnancy is related to the welldocumented increase in gingiva inflammation seen during pregnancy. 44 Given the assertions above, it can be seen that biofilminduced periodontal diseases, such as gingivitis and periodontitis, are multifactorial infections, which involve complex interactions of microbial biofilms with innate and adaptive immune responses of the host. The physiological changes associated with pregnancy have profound effects on host-parasite interactions found in those diseases. 6 Although the mechanisms responsible for the increase in gingival inflammation observed during pregnancy have not been fully elucidated, it is clear that several factors, such as disorders in the neutrophil function, changes in cell physiology induced by hormones, and local effects on the microbial ecology, play an important role in the process of periodontal disease as a whole.
Immune, endocrine, and other changes
Salivary changes and risk of tooth decay
Higher incidence of dental caries in pregnant women than in non-pregnant women has been observed in different studies. [45] [46] [47] During pregnancy, dietary changes are common, such as regular consumption of snacks, sugary drinks, and citrus foods, to satisfy desires or prevent nausea. Such habits may lead to a drop in salivary pH, thus favoring an increase in the number of acidophilic microorganisms. 8, 47 Jain and Kaur 47 observed an increase of Streptococcus mutans and Lactobacillus levels, especially in late pregnancy, comparing the saliva of pregnant with non-pregnant women. 47 However, a poor oral hygiene practice is often observed during gestation, which may explain an increase in bacterial growth in the oral cavity, leading to an increased incidence of dental decay, as well as the gingival and periodontal changes.
It can be deduced that most of these effects on the oral tissues during pregnancy could be avoided by practicing proper oral hygiene and clinical dental follow-up. 7, 47 Dental management during pregnancy Many authors 4, 6, 8, 15, 31, 48 state that pregnant women should be considered as a priority population group for dental care because:
1 Pregnant women can have some oral changes specific to this period; 2 They may have accumulated necessities that can jeopardize their own health and that of their children; 3 They should be targeted by health education programs because they have a core role in the attitudes in the family network, influencing eating and hygiene habits of all family members; 4 They are a group that is easy to access during gestation, consistently attending health services, which are an important facilitator; furthermore, they can be enrolled in programs with scheduled intervals and a failure to address them would be a missed opportunity.
The simple incidence of oral problems in pregnant women has already justified the need for treatment in this group. 49 Furthermore, the vertical transmission of pathogenic oral microorganisms has been a concern, when pathogens are transmitted between members of the same family, and the first oral colonization is established between 5 and 7 years old. Children of mothers with periodontal disease are at high risk of developing destructive periodontal disease according to Asikanen et al. 50 Another very important aspect is that studies have indicated associations between periodontal disease and preterm birth as well as low-birthweight babies. [51] [52] [53] Periodontal infections are caused by Gram-negative anaerobic bacteria that promote an increase in the level of prostaglandin, which is an important physiological inducer of early childbirth. 4 Therefore, oral treatment during pregnancy is also necessary in order to minimize the risk of complications and the transmissibility of microorganisms; it has become an important preventive procedure for the mother and child. Hence, diagnosing and treating oral diseases that can compromise a mother's oral health and her baby are key steps to ensuring a safe prenatal period.
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Conclusion
During pregnancy there are changes in the adaptive immunity that results in an impact on the clinical course of various infectious diseases. Due to the formation of the biofilm, the inflammation of the periodontal tissues increases dramatically in size and severity during the course of a normal pregnancy, so it is extremely important to include visits to the dentist during the pregnancy period.
Moreover, it should not be forgotten that controlling and treating oral infections, alone, are promoters of health benefits for these patients, offering them an oral condition of comfort, function and aesthetics.
